Despite the availability of antituberculosis (anti-TB) drugs, the disease burden of human TB remains a very serious and widespread public health problem. Many of the 22 countries most affected by human TB identified by the World Health Organization (WHO) are developing countries (11) . Although Egypt is not on the WHO list of 22 high-TB-burden countries, it is considered one of the high-burden countries in WHO's Eastern Mediterranean region, where TB constitutes the second most important public health problem after schistosomiasis (21) . Every year, the National Tuberculosis Control Program of the Ministry of Health and Population (MOHP) registers over 12,000 new TB patients; more than 50% of the cases are sputum smear-positive pulmonary TB. On the basis of an annual risk of infection of 0.32%, it is estimated that about 8,000 people receive a diagnosis of TB at facilities other than those of MOHP (25) .
In the context described above, it is important to have a precise picture of the predominant and emerging Mycobacterium tuberculosis clones in Egypt, in order to have a first snapshot of the epidemiology of TB. The advent of molecular typing methods has given a new boost to epidemiological studies of TB in recent years (3) ; the most commonly used methods are IS6110-based restriction fragment length polymorphism (RFLP) (IS6110-RFLP) and spoligotyping (12, 22) . As opposed to IS6110-RFLP, which was considered the "gold standard" for the genotyping of M. tuberculosis in the early 1990s (22) and which is time-consuming and labor-intensive and requires large amounts of highly purified DNA, PCR-based spoligotyping avoids the problems associated with the slow growth of these bacteria, thereby offering the possibility of the rapid recognition of outbreaks (2, 4, 12) . The clinical usefulness of spoligotyping is determined by its rapidity both in detecting the causative bacteria and in providing epidemiological information on strain identities (12) . Spoligotyping, which allows determination of the phylogeographical specificity of circulating clades of tubercle bacilli, is also useful for population-based studies (4, 10) . Recent data from international spoligotyping studies have identified a growing number of important clades or genogroups, further facilitating the study of the spread of the disease due to human migratory movements (4, 8, 9, 17) . To date, there is very limited genotyping information on the M. tuberculosis strains circulating in Egypt. The SITVIT2 database, which is an updated version of the previously released SpolDB4 database (4; available online at http://www.pasteur -guadeloupe.fr:8081/SITVITDemo), showed very little information on the isolates circulating in Egypt, with only 79 of 69,000 clinical isolates, i.e., 0.1% of the total recruitment. The aim of this study was to identify the predominant international spoligotypes responsible for the transmission and prevalence of TB in Egypt. The spoligotypes obtained were further compared with those in an updated version of the international database named SITVIT2.
RESULTS AND DISCUSSION
TB remains a great public health concern in Egypt; however, little information on the prevailing genotypes of the tubercle bacilli and their spread is available (1, 6) . In a country where TB is endemic, it is critical to identify the genotypes of the predominant strains in order to study the transmission patterns and the epidemiological features of the disease. The present study is a first attempt to provide insight into the population structure of M. tuberculosis in Egypt. We selected spoligotyping to create this snapshot, as it has been shown to be a valuable method for determination of the clonal and phylogenetic relationships of M. tuberculosis strains, providing in parallel useful information about TB in a given population, in a given country, among countries, and throughout the world (4, 5, 9, 10, 12, 16, 17, 19 Detailed spoligotyping results are summarized in Tables 2  and 3 , while the evolutionary relationships of the strains are illustrated in an MST shown in Fig. 1 . Starting with our sample of 151 clinical isolates, spoligotyping produced a total of 51 different patterns. A total of 12 patterns corresponding to 13 strains were not present in the database and could be termed orphans (Table 2) ; nonetheless, 2 strains (1 from a patient born in Egypt and another from a patient born in Sudan) matched each other, thereby creating a new shared type, SIT2977. Two more orphans matched one strain each from Austria and Taiwan, thereby creating SIT2978 and SIT2979, respectively. As illustrated in Table 3 , 138/151 strains from this study belonged to a total of 39 SITs (not including the 3 newly created SITs shown in Table 2 ). The binary and octal descriptions, the total number of strains, and the percentage of strains in the present study compared to the same data in the SITVIT2 database at the time of comparison and the corresponding genetic lineages and sublineages are summarized for each of the shared types shown.
Irrespective of the database comparison, a total of 113/151 (74.8%) clinical isolates were clustered in the present study (13 clusters containing 2 to 51 isolates per cluster). Twelve clusters are shown in Table 3 , and 1 additional cluster of two strains is represented by the newly created shared type (SIT2977; Table  2 ). Thus, 38/151 (25.2%) of the strains in this study were unclustered. SIT53, which belongs to the ill-defined T clade (the T family was defined by default [4] ), predominated in our setting and contained 51/151 (33.8%) of the isolates. That was The overall classification of the strains according to the major M. tuberculosis genotypic lineages (and not the shared types stricto sensu) showed that the most predominant group was the ill-defined T superfamily (81/151 [53.6%]). However, the T genotype does not represent a clade in a strict evolutionary sense, since it was defined by default to include strains that cannot be classified in one of the established genotypic lineages, such as the Haarlem, LAM, CAS, and EAI lineages, with well-established phylogeographical specificity (4) . In this sense, the most predominant clade in our setting was the ancestral Manu lineage, which comprised not only the 33 isolates of SIT54 (Manu2_var) but also a group of other Manu strains (Tables 2 and 3 ): 2 Manu2_var orphans; 1 SIT523 strain classified as a Manu ancestor; 3 Manu2_var strains belonging to SIT1088, SIT1196, and SIT1690, respectively; a single SIT1378 (Manu3) strain; and 1 SIT2781 strain classified as Manu ancestor var_⌬33 (lacking a single spacer at position 33). Thus, by taking all the Manu isolates together (shown in boldface in Tables 2 and 3) , they represented 41 of 151 (27.15%) of the strains in the present study. This is one of the highest distribution patterns ever observed for the ancestral Manu lineage in any single setting. The predominance of the Manu lineage was followed by the LAM (7/ Before the entry of our data, spoligotypes from 79 strains were recorded in the SITVIT2 database. These strains were isolated from patients either in Egypt or from elsewhere in the world from a patient of Egyptian origin (56 strains classified within 30 different SITs and 23 orphans). Some previously found SITs belong to predominant lineages in Egypt, particularly SIT53 (T1 prototype), SIT54 (Manu2 prototype), SIT25 (CAS1-Delhi_var), and SIT41 (LAM7-TUR), while others (SIT34, SIT37, SIT42) are found in smaller numbers (Table 2) . On the other hand, many of the SITs found in patients of Egyptian origin but isolated in distant countries were not found in the present study performed in Egypt. Such examples include SIT35 (Haarlem3), SIT47 (Haarlem1), SIT52 (T2), SIT390 (Haarlem3), SIT460 (EAI5), SIT717 (T1), SIT732 (T1), SIT798 (T), and SIT878 (X1).
The unusually high proportion of strains belonging to the Manu clade (27.15%) in the present study is really exceptional. This percentage is significantly higher than its overall representation (0.4%) in the SITVIT2 database (n ϭ 261). The Manu lineage was initially described as a new family from India in 2004 (16) , and later, similar strains in small numbers were reported in a study from Madagascar (8), Soon afterwards, it was tentatively subdivided into the Manu1 (deletion of spacer 34), Manu2 (deletion of spacers 33 and 34), and Manu3 (deletion of spacers 34 to 36) sublineages; and it was suggested that this lineage could represent an ancestral clone of principal genetic group 1 strains (4). More recently, Manu lineage strains were reported from Saudi Arabia (2) and Tunisia (15) .
Interestingly, the Manu2 strains (prototype SIT54) have been reported only scarcely in the SITVIT2 database (n ϭ 130, not counting this study). In the updated database, SIT54 strains are present in the highest numbers in India (n ϭ 21), followed by Saudi Arabia (n ϭ 20), the United States (n ϭ 20), South Africa (n ϭ 17), Russia (n ϭ 9), Brazil (n ϭ 6), Great Britain (n ϭ 3), Madagascar (n ϭ 3), and Poland (n ϭ 3). Smaller numbers of SIT54 strains (two or less) have been reported from Armenia, Austria, Bangladesh, China, Cuba, Italy, France, Georgia, Greece, Guinea-Bissau, Iran, Latvia, Panama, Turkey, Senegal, Sweden, and Sudan. Although the origin of the patient was not always indicated in the SITVIT2 database, many of these patients were foreign born; e.g., the two patients from Saudi Arabia were born in Chad, while one patient was from Indonesia. The single case from Australia was from Eritrea, and the two cases from South Africa were from Octal no. Egypt and Zambia, respectively. One patient each from Sweden and Turkey were from Azerbaijan. The evolutionary relationships among the strains with all the different spoligotype patterns observed in our sample were further studied by use of an MST (Fig. 1) . This tree summarizes the phylogenetic links between two spoligotypes differing by changes observed in direct variable repeats (23) ; the length of the branches indicates the level of change induced by the loss or the gain of spoligotype spacers in the 43-oligonucleotide format to induce a shift from one allele to another. In Fig. 1 , the solid lines show a single spacer change, while dotted lines show two spacer changes (black) or more spacer changed (gray). The color of the circles in Fig. 1 is proportional to the number of clinical isolates in our study, illustrating unique isolates (sky blue) versus clustered isolates (deep blue, two to five strains; red, six strains and more). As opposed to other clades belonging to the principal genetic group 1, such as Beijing and CAS (18) , the Manu strains in this MST are the ones situated the closest to the principal genetic group 2 or 3 lineages, such as Haarlem, LAM, and T. Interestingly, the T1 strain represented by its prototype SIT53 constitutes the central node of this unrooted tree (Fig. 1A) and has the highest number of isolates from our study (51/151 [33.8%]). Its prevalence is immediately followed by that of the Manu2 prototype SIT54 (33/151 [21.9%]), suggesting that these two lineages might be phylogenetically linked. As shown in Fig. 1B , the evolution of the Manu lineage was supposed to have happened starting from SIT523 (Manu ancestor), which is the most conserved spoligotype in the SITVIT2 database and which has positive hybridization for all the spacers in the standard 43-spacer format. The potential evolution of modern T1 (SIT53) strains from the Manu lineage via Manu2 (SIT54) and Manu2_var (SIT1196) will now be investigated in detail in a parallel investigation by using 24-locus mycobacterial interspersed repetitive units (20) and other single-nucleotide polymorphisms, such as katG-gyrA polymorphisms (18) .
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Our findings are of the utmost importance in relation to the findings of a recently published study showing that the most common ancestor of the M. tuberculosis complex emerged some 40,000 years ago from its progenitor in East Africa and was followed by the dissemination of two major basal lineages that spread out of Mesopotamia 10,000 to 20,000 years later (24) . In this evolutionary scenario of the spread of TB out of Mesopotamia, the later human migration (8,000 to 5,000 years ago) to Africa, Asia, and Europe is supposed to have played a dynamic role leading to locally adapted strains of tubercle bacilli and further diversifications (24) . Nonetheless, this evolutionary scenario does not take into account any of the Manu lineage strains, simply because of the paucity of this genotype in reported TB cases worldwide. Our report shows for the first time an unusually high proportion of Manu strains from Egypt, which should be taken into account for the study of the origin and the evolution of the M. tuberculosis complex. In this context, a retrospective analysis of the results from a study dealing with ancient DNA from Egyptian mummies (26) showed that 2 of 12 strains (strains TT196-44 and TT196-M5) that were thought to have patterns close to those for M. africanum (the absence of spacers 7 to 9 and spacer 39) did share major characteristics of the Manu1 variants, i.e., the presence of spacer 33 and the absence of spacer 34. One may hypothesize In conclusion, our study shows that in Egypt TB is caused by a predominant genotype that belongs to the ancestral Manu lineage and that could be a missing link of the split between ancestral and modern tubercle bacilli during the evolution of M. tuberculosis. We believe that detailed investigations of the Manu lineage strains by 24-locus mycobacterial interspersed repetitive unit analysis, extended spoligotyping, analysis of regions of deletions, and single-nucleotide polymorphism analysis would shed light on the central role of isolates from Egypt and Mesopotamia in the origin, evolution, and global spread of TB.
